Abstract
INTRODUCTION

44
Due to environmental concerns and the rising cost of fossil fuels such as diesel, the search for 45 alternative fuels like biodiesel has attracted more attention. Renewable fuels such as biodiesel 46 continues to be of interest to achieve a sustainable energy economy thus reducing the dependence 47 on fossil fuel utilization. It was further stated that the use of renewable transportation fuels is Therefore, this study tends to focus on experimental study of spray, combustion and soot formation 69 processes of biodiesel fuel spray injected by a common rail injection system in a quiescent constant 
EXPERIMENTAL DETAILS
75
Experimental Apparatus and Methods
76
Experiments were conducted under simulated quiescent conditions in a constant-volume vessel.
77 Figure 1 shows a schematic diagram of the direct photography system for spray and combustion of the CCD camera and injection system. In order to obtain spray images under evaporating 87 conditions, a xenon lamp and two reflecting mirrors were utilized to illuminate the fuel spray inside 88 the vessel. Images were acquired using the Mie-scattering technique. The OH chemiluminescence 89 technique was also used to detect the auto-ignition site and also determine the flame lift-off length.
90
In understanding the soot formation process, the two color pyrometry technique was utilized to 91 provide the flame structure and KL factor to characterize the soot concentration. Therefore for the processing of the Mie-scattered spray and OH chemiluminescence combustion 117 images, an optimum threshold intensity value of 20 (i.e. 8% of the maximum intensity) was set in 118 order to get the edge of the subtracted image. This implies that every pixel whose digital level 119 exceeds the threshold value will be considered as image. 
Experimental Conditions
121
The experimental conditions were determined by the real engine conditions. An ambient density of Table 1 shows the list of the experimental conditions, while Table 2 presents the 128 main properties of the two fuels. This implies that the diesel fuel evaporated more than BDF. There is the tendency that the higher 153 boiling point of biodiesel which is characterized by the distillation temperature, T90 as stated in 154 
184
Since the same frame rate was used to obtain the spray and combustion processes, therefore, the 185 extrapolated time for the spray images was adopted in obtaining the ignition delay. factor of enhancing soot reduction processes. As presented in Table 2 , the BDF oxygen content is 
